ABSTRACT The function of the peripheral nervous system was examined in a group of 32 men aged (mean 49) with diagnosed solvent induced chronic toxic encephalopathy. The subjects were examined at the time of diagnosis and 26 were re-examined after a follow up period of 22-72 months (mean 40) and compared with a group of 50 unexposed male workers aged 27-64 (mean 42) with appropriate adjustment for age. All subjects were carefully scrutinised for alcohol abuse and other neurological diseases. The results of motor fibre neurography disclosed no difference between the groups. Nevertheless, a significant decrease in motor conduction velocity was found in the patients at follow up. Sensory fibre neurography showed signs of slight axonal degeneration with significantly decreased sensory nerve action potential amplitudes in the median and sural nerves; these amplitudes increased during follow up. The duration of sensory nerve action potentials was longer in the exposed group for the median and the sural nerves. The percentage oflate components was significantly higher in the median nerve. The warm-cold sensitivity in the exposed group also indicated a slight sensory dysfunction with statistically significant wider detection limits.
Peripheral nerve damage is caused by some solvents including carbon disulphide,' acrylamide,2 and n-hexane and its metabolites. 3 Cross sectional studies on workers exposed to mixtures of solvents have shown slower conduction velocities45 and reduced action potentials5 among the exposed subjects. Knave et al found increased conduction velocities and reduced action potentials in workers exposed to jet fuel. 6 We have previously found similar changes with reduced action potential of the sural nerve in workers exposed to styrene and in a group of paint industry workers.78 The latter also tended to have increased conduction velocities. 8 The time course of toxic peripheral neuropathy in workers exposed to n-hexane or methyl n-butyl ketone has been described as a deterioration for several months after the cessation of exposure followed by recovery.9"0 Seppalainen and Antti-Poika described the time course of neurographic findings in 73 subjects with a diagnosis of "chronic solvent intoxication" based on pathological results in either psychometric or neurophysiological examinations." They found an increase of abnormal findings at a re-examination after three to nine years.
The aims of the present study are to describe the Accepted 6 The selection of subjects, the differential diagnostic examination, exposure, and the results of computed brain tomography and EEG are described in detail elsewhere.'4t5 Regional cerebral blood flow (rCBF) has also been measured on these subjects. Ila Alcohol consumption was less than 200 g/w for 26 subjects and less than 400 g/w for the remaining six.
None of the subjects suffered from diseases known to cause neuropathy. Twenty one had complaints of paraesthesias at follow up. The clinical examination disclosed signs of mild sensory neuropathy in 409 410 eight subjects and definite neuropathy in another eight. "b The clinical classification was based on reduced sensation for touch or needle prick on the feet and distally on the legs or both. The eight subjects who had signs of mild sensory disturbance all had normal spinal reflexes; five were under 50. Of the eight with more pronounced sensory disturbance, reduced spinal reflexes on the legs were found in six and in two the reflexes were absent. In the arms reflexes were absent in one, reduced in five, and normal in two subjects. These eight subjects with polyneuropathy were over 50.
A re-examination was made 22-72 months (mean 40) after the diagnosis of encephalopathy when the subjects had not been exposed to solvents for 3-93 months (mean 36). Six subjects have not been reexamined due to an administrative mistake. They all had normal results at the first examination when their ages were 34, 34, 37, 37, 52, and 60.
An additional 11 subjects had previously been reexamined but refused to take part in the complete differential diagnostic evaluation and are thus not included in the results presented in this paper. The follow up results were considered in two subgroups divided at the age of 50. Subgroup "young" comprised 11 subjects aged 32-48 (mean 38) and subgroup "old" 15 subjects aged 51-65 (mean 58). Exposure free time and time between the two examinations did not differ significantly in the two subgroups. Exposure is described in more detail in our paper concerning the EEG power spectrum analysis of the group.'4 The exposure index was significantly higher in subgroup old (mean 62 v 30 p < 0-001). None of the subjects had, to our knowledge, been exposed to substances known to cause peripheral neuropathy.3
The control group consisted of 50 men aged (mean 42) from the same socioeconomic level as the study group. They had never been occupationally exposed to solvents and all were in good health.8 Alcohol consumption was less than 200 g/w for 44 subjects and less than 400 g/w for the remaining six.
Methods
A Disa 1500 equipment with a constant current stimulator was used. The subjects were warmed if necessary to obtain skin surface temperatures exceeding 30°C in the hands and feet.
Conduction velocities of the fast motor fibres were determined for the median, ulnar, peroneal, and posterior tibial nerves. Compound muscle action potentials were recorded with surface electrodes from the thenar, hypothenar, extensor digitorum brevis, and abductor hallucis muscles. The nerves were stimulated at the wrist, elbow, ankle, and knee. The active recording electrode was placed so that the initial part of the muscle action potential showed a monoOrbak, Rosen, Svensson phasic negativity. Distal latencies, defined as the latencies from the distal stimulus to the onset of the M-wave, were also measured.
Sensory neurography was performed with surface electrodes on the median and sural nerves. Fingers I and III were stimulated by ring electrodes and the sensory action potentials were recorded over the median nerve immediately proximal to the wrist (interelectrode distance 30 mm). The stimulus current was adjusted to produce a maximal nerve volley (usually about 15 
Significance level for age adjusted group comparisons: *p < 0-05.
Significance levels in t test for paired data in comparisons between the two examinations: tp < 0 1; tp < 0 05.
although in one nerve, the peroneal, the exposed group was increased in the median nerve (p < 0 01); there had a significantly shorter latency (p < 001) that was no significant change at follow up. became longer at follow up.
The psychophysical test for large myelinated senSensory conduction velocities were equal in the two sory fibres, the vibration threshold, gave equal results groups (table 2). In the exposed group the velocities in the two groups. During follow up there was no decreased more than expected from the age (year) change (table 3) . For the warm-cold difference limens coefficients (-0 1, -02, -0 1) during the approxi-testing thinner myelinated and unmyelinated fibres we mate three years of follow up. Sensory nerve action found reduced function among the exposed subjects potential amplitudes were smaller in the patient group. (table 3) . We found no change after the unexposed The differences were statistically significant in both the interval. median (p < 0-05) and sural nerves (p < 0 01). The The exposure index was only significantly correlated amplitudes increased during follow up despite an with measures in which the patient group did not expected reduction with increasing age (age/year deviate from the controls. Only for the warm-cold coefficients -0 65, -0 43, -025).
difference limens hand and foot was there a suggestion Sensory nerve action potential durations were lon-of an exposure effect relation with r = 036 (p < 0-09) ger in the exposed subjects (median p < 0 1, sural p < and r = 0-38 (p < 0 08) respectively. 0-05) and there was no significant change at the follow Covariation between unexposed time and the up examination. The percentage of late components difference between the examinations was also con- Significance levels for age adjusted group comparisons: *p < 0-1, **p < 0 05, ***p < 0 0. Significance levels in t test for paired data in comparisons between the two examinations: tp < 0 1, ttp < 0°05, tttp < 0-01. Significance levels for age adjusted group comparisons: *p < 0 05; **p < 0-001.
No difference between the two examinations of the patient group was statistically significant.
sidered. We found no correlation with measures that was significant for the complete group ( fig 2) . As seen had changed significantly during the follow up period. in fig 1, improvements in sensory nerve action potenChanges during follow up in the two subgroups tial amplitude and percentage of late components were young and old were considered for the measures in more pronounced in the younger subgroup. By conwhich the complete patient group differed statistically trast, the younger subjects had greater reductions in significantly from the control group (fig 1) . Subgroups conduction velocities (fig 2) . were also considered if the change during follow up 
Discussion
Our results suggest that there is a mild axonal neuropathy in the sensory fibres of subjects with central nervous system dysfunction resulting from exposure to solvent mixtures. After cessation of exposure the sensory nerve function, as measured by nerve action potential amplitude, duration, and percentage of late components improved among the younger subjects in particular.
The neurographic changes were small from a clinical point of view. Signs and symptoms of sensory neuropathy, however, were found in 50% of the subjects. Sb In this group interference from other diseases on the effects of solvents is unlikely. Our preliminary reports on the same group ofpatients were made without the present strict selection of subjects'8 (and I Rosen et al, International Conference on Solvent Toxicity, Stockholm, 1984) . Signs of axonal degeneration in the sensory fibres have been reported as the most sensitive indication of alcohol induced neuropathy.'9 We did not find such changes in a group of alcohol abusers when age adjustment was made statistically in the group comparisons.'8 Including the 11 subjects excluded due to their missing complete participation did not change the results.
Peripheral nerve dysfunction has previously been found in a high proportion of subjects with "chronic solvent intoxication."" Some evidence of solvent mixture induced peripheral dysfunction has been presented in several cross sectional studies of solvent exposed controls."6 Sural nerve biopsy specimens from symptom free workers selected from the study of Elofsson et al5 disclosed only discreet changes.2' Exposed subjects differed from non-exposed by the existence of paranodal axonal mitochondria which contained glycogen like particles. 22 The functional meaning of this observation is unknown.
It is difficult to explain the paradoxical reduction of the conduction velocities among the younger subjects in particular. They had improvements in the measurements of axonal function after cessation of exposure and the patient group did not differ from the controls at the first examination. If the age regression is used for estimating expected decrease the time between the two examinations is too short to be the reason. Exposure 
